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In the title compound, C 2 5H 21 F2N303S, the morpholine ring 
adopts a chair conformation. The l,3,4-oxadiazole-2(3,£f)- 
thione group makes dihedral angles of 78.69 (8), 53.56 (7) and 
55.30 (9)° with the benzene rings. In the crystal, O— H- ■ O, 
C— H- ■ S and C— H- ■ F hydrogen bonds linked the mol- 
ecules into layers lying parallel to the ab plane. Weak C— 
H- ■ -it interactions also occur. 

Related literature 

For pharmacological background, see: Bhatia & Gupta (2011); 
Liu (2006). For ring conformations, see: Cremer & Pople 
(1975). For bond-length data, see: Allen et al. (1987). 



OH O- 




Experimental 

Crystal data 

C 25 H 21 F 2 N 3 0 3 S 
M, = 481.51 
Monoclinic, C2/c 
a = 16.0547 (14) A 
b = 11.4125 (11) A 



c = 25.364 (2) A 
P = 94.202 (2)° 
V = 4634.9 (7) A 3 
Z = 8 

Mo Ka radiation 



/x = 0.19 mm~' 
T = 296 K 

Data collection 

Bruker SMART APEXII DUO 

CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 

7",™ = 0.916, r mttx = 0.969 

Refinement 

R[F 2 > 2a(F 2 )} = 0.044 

wR(F 2 ) = 0.143 

S = 1.03 

6182 reflections 

311 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 
Cgl is the centroid of the C7-C12 ring. 



0.48 x 0.25 x 0.17 mm 



23057 measured reflections 
6182 independent reflections 
4139 reflections with / > 2cr(/) 
R int = 0.029 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.24 e A~ 3 

Ap mi „ = -0.24 e A~ 3 



D-H-A 




D—H 


H-A 


D - A 


D-H-A 


03-H103- 


■ 02' 


0.79 (2) 


1.95 (2) 


2.728 (2) 


167 (2) 


C5-H5/1- ■ 


Si" 


0.93 


2.80 


3.639 (2) 


151 


C12-H12/1 


• ■ Fl ui 


0.93 


2.47 


3.292 (2) 


148 


C23-H23/1 


• ■ -Fl' v 


0.97 


2.51 


3.462 (3) 


167 


C1-HL4-- 


CgV 


0.93 


2.91 


3.414 (2) 


115 



Symmetry codes: (i) x,y — l,z; (ii) x + y — \, V, (m) —x + \,y + \ 
-je + l,y + l,-z + |; (v) -x+\,y,-z + \. 



(iv) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Supplementary data and figures for this paper are available from the 
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5-(4,4"-Difluoro-5'-hydroxy-l,l':3',l"-terphenyl-4'-yl)-3-(morpholin-4-ylmethyl)-l,3,4-oxadiazole- 
2(3#)-thione 

H.-K. Fun, S. Arshad, S. Samshuddin, B. Narayana and B. K. Sarojini 
Comment 

Substituted 1,3,4-oxadiazoles are of considerable pharmaceutical interest. For a recent review, see: Bhatia & Gupta (2011). 
Polysubstituted aromatics such as terphenyls exhibit considerable biological properties, e.g., potent anticoagulant, immun- 
osuppressants, antithrombotic, neuroprotective, specific 5 -lipoxygenase inhibitory and cytotoxic activities (Liu, 2006). En- 
couraged by these diverse biological activities of 1,3,4-oxadiazoles and terphenyls, our research group has decided to pre- 
pare terphenyl derivative bearing the oxadiazole moiety, thus bringing both types of functional groups together in a single 
molecule: we now report the synthesis and structure of the title compound, (I). The precursor of the title compound was 
prepared from 4,4'-difluorochalcone by several steps. 

The molecular structure is shown in Fig. 1 . The morpholine ring adopts a chair conformation with puckering parameters 
Q= 0.579 (2) A, 0= 2.9 (2)° and <p= 247 (5)° (Cremer & Pople, 1975). The l,3,4-oxadiazole-2(3#)-thione (S1/C20/O1/C19/ 
N1/N2) group makes dihedral angles of 78.69 (8), 53.56 (7) and 55.30 (9) ° with the benzene (C1-C6, C7-C12 & C13-C18) 
rings, respectively. Bond lengths (Allen et ah, 1987) and angles are within normal ranges. 

The crystal packing is shown in Fig. 2. Intermolecular 03— H103 02, C5— H5A-S1, C12— H12A-F1 and 
C23 — H23A—F1 hydrogen bonds (Table 1) linked the molecules into layers parallel to ab plane. C — H—ji interactions (Ta- 
ble 1) which involves CI and phenyl ring (Cgl = C7-C12) further stabilize the crystal structure. 

Experimental 

To a solution of 5-(4,4"-difluoro-5'-hydroxy-l,l':3',l"-terphenyl-4'-yl) -l,3,4-oxadiazole-2(3#)-thione (3.82 g, 0.01 mol) 
in ethanol (5 ml) was added formaldehyde (0.5 ml, 37%) and morpholine (0.01 mol). The reaction mixture was stirred 
overnight. After cooling, the precipitate was filtered and crystallized from ethanol. Colourless blocks of (I) were grown 
from 1:1 mixture of ethanol and DMF by slow evaporation and the yield was 72%. M.p.; 475 K. 

Refinement 

H103 atom attached to the O atom was located from the difference map and refined freely, [O-H = 0.78 (3) A]. The remaining 
H atoms were positioned geometrically [C-H = 0.93 or 0.97 A] and refined using a riding model with t/j S0 (H) = 1.2 U e JC). 



Figures 




Fig. 1. The molecular structure of the title compound with 30% probability displacement el- 
lipsoids. 
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Fig. 2. The crystal packing of the title compound. Dashed lines represent the hydrogen bonds. 
Hydrogen atoms not involved in hydrogen bonding have been omitted for the sake of clarity. 



5-(4,4"-Difluoro-5 l -hydroxy-1,1 l :3 l ,1"-terphenyl-4 l -yl)-3-(morpholin-4- ylmethyl)-1,3,4-oxadiazole-2(3H)- 
thione 



Crystal data 




C25H21F2N3O3S 


^(000) = 2000 


M r = 481.51 


D x = 1.380 MgrrT 3 


Monoclinic, C2/c 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: -C 2yc 


Cell parameters from 6002 reflections 


a = 16.0547 (14) A 


6 = 2.3-27.3° 


b= 11.4125 (11) A 


H = 0.19 mm -1 


c = 25.364 (2) A 


7=296K 


(3 = 94.202 (2)° 


Block, colourless 


V= 4634.9 (7) A 3 


0.48 x 0.25 x 0.17 mm 


Z=8 





Data collection 



Bruker SMART APEXII DUO CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

T min = 0.916, T max = 0.969 

23057 measured reflections 



6182 independent reflections 

4139 reflections with / > 2a(7) 
*j„t = 0.029 

6max = 29.1°, 0 m i n = 1.6° 

h = -20^21 

fc = -15-»14 
/ = -34^34 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o{F 2 )] = 0.044 

wR(F 2 ) = 0.143 
S= 1.03 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = V[a 2 (F 0 2 ) + (0.0688P) 2 - 
where P = (F 0 2 + 2F c 2 )/3 



1.531P] 
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6182 reflections 
3 1 1 parameters 
0 restraints 



(A/0) max < 0.001 
Apmax = 0.24 e A~ 
Apmin = -0.24 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




SI 


0.15583 (3) 


0.82030 (5) 


0.44595 (2) 


0.06259 (17) 


Fl 


0.77333 (9) 


0.33903 (13) 


0.20221 (6) 


0.0943 (5) 


F2 


0.46943 (11) 


1.25156 (10) 


0.31200(6) 


0.1043 (5) 


Ol 


0.29532 (7) 


0.74319 (10) 


0.40602 (4) 


0.0469 (3) 


02 


0.38526 (11) 


1.29292 (12) 


0.42547 (7) 


0.0812 (5) 


03 


0.39200 (10) 


0.53070 (12) 


0.41580(6) 


0.0697 (5) 


Nl 


0.39553 (9) 


0.85596 (11) 


0.44436 (5) 


0.0439 (3) 


N2 


0.31768 (8) 


0.88887 (11) 


0.45963 (5) 


0.0420 (3) 


N3 


0.32987 (9) 


1.09806 (11) 


0.48147 (6) 


0.0462 (3) 


CI 


0.64272 (12) 


0.56922 (18) 


0.24724 (7) 


0.0583 (5) 


H1A 


0.6243 


0.6433 


0.2366 


0.070* 


C2 


0.69619 (13) 


0.5084 (2) 


0.21659 (8) 


0.0673 (6) 


H2A 


0.7141 


0.5411 


0.1858 


0.081* 


C3 


0.72171 (12) 


0.4003 (2) 


0.23261 (8) 


0.0616 (5) 


C4 


0.69747 (13) 


0.34894 (18) 


0.27745 (9) 


0.0635 (5) 


H4A 


0.7161 


0.2744 


0.2873 


0.076* 


C5 


0.64462 (12) 


0.41028 (16) 


0.30795 (8) 


0.0569 (5) 


H5A 


0.6277 


0.3764 


0.3388 


0.068* 


C6 


0.61605 (10) 


0.52180 (14) 


0.29362 (6) 


0.0456 (4) 


C7 


0.55723 (10) 


0.58586 (14) 


0.32581 (6) 


0.0451 (4) 


C8 


0.50339 (11) 


0.52572 (14) 


0.35719 (7) 


0.0504 (4) 


H8A 


0.5062 


0.4445 


0.3594 


0.061* 


C9 


0.44575 (11) 


0.58574 (14) 


0.38513 (7) 


0.0498 (4) 


C10 


0.43949 (10) 


0.70772 (13) 


0.38186 (6) 


0.0432 (4) 


Cll 


0.49340 (10) 


0.76946 (13) 


0.35017 (6) 


0.0428 (4) 


C12 


0.55155 (11) 


0.70777 (14) 


0.32334 (7) 


0.0473 (4) 


H12A 


0.5878 


0.7488 


0.3031 


0.057* 


C13 


0.48645 (11) 


0.89862 (13) 


0.34198 (6) 


0.0442 (4) 


C14 


0.41390 (13) 


0.94776 (16) 


0.31948 (8) 


0.0605 (5) 
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Atomic displacement parameters (A 2 ) 





f/ 11 


U 22 


t/ 33 


U 12 


U u 


U 2i 


SI 


0.0450 (3) 


0.0795 (4) 


0.0650 (3) 


-0.0045 (2) 


0.0151 (2) 


0.0078 (2) 


Fl 


0.0814(9) 


0.1175 (12) 


0.0876 (9) 


0.0413 (8) 


0.0312(7) 


-0.0178 (8) 
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0.1615 (16) 


0.0372 (6) 
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0.0495 (7) 


0.0439 (6) 


0.0489 (6) 


-0.0027 (5) 


0.0138 (5) 


-0.0051 (5) 


02 


0.0963 (12) 


0.0428 (7) 


0.1116(12) 


0.0026 (7) 


0.0566 (10) 


0.0151 (8) 


03 


0.0916 (11) 


0.0357 (7) 


0.0894 (10) 


-0.0003 (7) 


0.0576 (9) 


0.0079 (6) 


Nl 


0.0444 (7) 


0.0367 (7) 


0.0522 (7) 


-0.0046 (5) 


0.0149(6) 


-0.0034 (6) 


N2 


0.0448 (8) 


0.0333 (6) 


0.0500 (7) 


-0.0026 (5) 


0.0170 (6) 


-0.0023 (5) 


N3 


0.0476 (8) 


0.0344 (7) 


0.0585 (8) 


0.0001 (6) 


0.0167 (6) 


-0.0009 (6) 


CI 


0.0570 (11) 


0.0596 (11) 


0.0609 (10) 


0.0109 (9) 


0.0209 (9) 


0.0060 (9) 


C2 
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do 


u.uyyj (i /) 


A AQCA /AA 

U.U3 ju (y ) 


a n^eo n 7~\ 

u.uooy (iz) 


A AAOT /I A\ 

U.UUo3 (1U) 


A A71/1 /I 7\ 
U.UZ34 (IZ) 


U.UU32 J 


7 

Cl / 


A AO/1A /I £\ 

U.U&4U (,10) 


A A/1/1 7 /I 1 \ 

U.U44 / (,1 1 J 


A AAA/; /I CA 

u.uyuo (13) 


A A777 /I 1 \ 
U.UZ //(ll) 


A A 1 Of. (\ X\ 

U.Uloo (,13) 


U.UU /o 


1 o 

Clo 


A AC 71 /I 1 \ 

U.UJ / 3 ( 1 1 ) 


a A/1 co nm 
U.U4J5 (1U) 


U.U / J3 ( IZ) 


A A 1 C 1 ZO\ 

U.U 1 J 1 (o) 


A A 1 77 /Q\ 

u.uizz (y ) 


U.UU^j \ y) 


1 Q 

ciy 


A A/1 C/C /AA 

U.U4J0 (y J 


A AQTC (H\ 

U.U3ZJ (/) 


A A/1 /C/1 ZO\ 

U.U404 (o ) 


U.UUjo (o) 


A A 1 17 (H\ 

U.U13 / ( / ) 


U.UUUj ) 


C20 


A A A T~> /fl\ 

0.0472 (9) 


A A/1 AO /o^ 

0.0408 (8) 


A A/1 "5 A ZO\ 

0.0434 (8) 


A AATA /*7^ 

-0.0030 (7) 


A A 1 T7 /"7\ 

0.0127 (7) 


U.UU57 (6) 


C21 


0.0621 (11) 


0.0389 (8) 


0.0509 (9) 


-0.0035 (7) 


0.0232 (8) 


-0.0050 (7) 


C22 


0.0640 (12) 


0.0498 (10) 


0.0677 (12) 


0.0024 (9) 


0.0110(10) 


0.0033 (9) 


C23 


0.0871 (16) 


0.0531 (11) 


0.0778 (13) 


0.0152(11) 


0.0208 (12) 


0.0155 (10) 


C24 


0.0629 (13) 


0.0455 (11) 


0.139 (2) 


-0.0091 (9) 


0.0271 (15) 


0.0061 (13) 


C25 


0.0505 (11) 


0.0415(10) 


0.1024 (16) 


-0.0016(8) 


0.0153(10) 


0.0027 (10) 



Geometric parameters (A, °) 








SI— C20 


1.6445 (17) 


C8— H8A 


0.9300 


Fl— C3 


1.365 (2) 


C9— C10 


1.398 (2) 


F2— C16 


1.356 (2) 


C10— CI 1 


1.412 (2) 


Ol— C20 


1.3834 (18) 


C10— C19 


1.464 (2) 


Ol— C19 


1.3868 (19) 


Cll— C12 


1.387 (2) 


02— C23 


1.431 (3) 


Cll— C13 


1.492 (2) 


02— C24 


1.436 (3) 


C12— H12A 


0.9300 


03— C9 


1.3577 (18) 


C13— C14 


1.378 (3) 


03— H103 


0.78 (3) 


C13— C18 


1.386 (2) 


Nl— C19 


1.283 (2) 


C14— C15 


1.385 (3) 


Nl— N2 


1.3871 (18) 


C14— H14A 


0.9300 


N2— C20 


1.334 (2) 


C15— C16 


1.355 (3) 


N2— C21 


1.4749 (19) 


C15— H15A 


0.9300 


N3— C21 


1.432 (2) 


C16— C17 


1.353 (3) 


N3— C22 


1.448 (3) 


C17— C18 


1.396 (3) 


N3— C25 


1.458 (2) 


C17— H17A 


0.9300 


CI— C2 


1.386 (2) 


C18— H18A 


0.9300 


CI— C6 


1.391 (2) 


C21— H21A 


0.9700 


CI— H1A 


0.9300 


C21— H21B 


0.9700 


C2— C3 


1.353 (3) 


C22— C23 


1.516 (3) 


C2— H2A 


0.9300 


C22— H22A 


0.9700 


C3— C4 


1.362 (3) 


C22— H22B 


0.9700 


C4— C5 


1.380 (2) 


C23— H23A 


0.9700 


C4— H4A 


0.9300 


C23— H23B 


0.9700 


C5— C6 


1.392 (2) 


C24— C25 


1.509 (3) 


C5— H5A 


0.9300 


C24— H24A 


0.9700 


C6— C7 


1.485 (2) 


C24— H24B 


0.9700 


C7— C12 


1.395 (2) 


C25— H25A 


0.9700 


C7— C8 


1.397 (2) 


C25— H25B 


0.9700 


C8— C9 


1.387 (2) 
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Pin p 1 nn 

czu — u i — c i y 


|AC 11 /"I 1\ 

IUj. 3Z (1Z) 
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CZ J — <J Z — CZ 4 


1 1 n i /; /1 c\ 
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pn r\i 1 1 1 pd 
Cy — <J3 — H1U3 


1 1 "3 n /1 q\ 
113. / (lo) 


Ciy — JN 1 — JNZ 


1 m / 1 i\ 
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Pin \TO \T 1 

CZU — JN Z — JN 1 
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CZU — JN Z — CZ 1 


izo.yi (14) 
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CZ1 — JN3 — CZZ 
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pi 1 mi 

CZ1 — JN3 — CZj 


1 1 J.O / (14) 
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C22 — JN3 — C25 


111 nn ( 1 c\ 

111 .09 (15) 


PO pi p/: 

CZ — CI — Co 


111 AAC\Q\ 

1Z1 .44 (lo) 


PO pi I I 1 A 

CZ — C 1 — H 1 A 


1 1 n i 

1 iy.3 


f •/! pi I I 1 A 

Co — C 1 — rl 1 A 


1 1 n i 

i iy.3 


C 3 — CZ — C 1 


1 1 o n /1 o\ 
llo. 3Z (lo) 


C3 — CZ — HZA 


1 Ifl Q 

IZU.o 


( • 1 P O TTO A 

C 1 — CZ — HZ A 


120.8 


PO pQ py) 

CZ — C3 — C4 


1Z3.01 (1 /) 


PO pQ T7 1 

CZ — C3 — r 1 


1 1 O "71 /1 Q\ 

llo. 11 (lo) 


p /I pQ T7 1 

C4 — C3 — r 1 


1 1 O 1*7 /1 n\ 

iio.z / (iy) 


PI p /] pc 
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1 1 o i /; /1 n\ 
llo.3o (iy) 


PI p /] I I | A 

C 3 — C 4 — H4 A 
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1 in q 
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P/i pc p/: 
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C4 — C J — H j A 


1 1 n i 

i iy.3 


P/C pc TTC A 

Co — Cj — HjA 


1 1 n i 

1 iy.3 


P i p/: pc 

CI — Co — Cj 


11*7 /II /1C\ 

11 /.43 (13) 


p 1 P/T p-7 

CI — Co — C / 


111 a n / 1 c\ 
1Z1 .4U (13) 


PC f^/Z f^H 

Cj — Co — C / 


111 1/1/1 c\ 

1Z1 .14 (13) 


pi ^ p-7 PQ 

C1Z — C/ — Co 


110 11 /1 /I \ 

Ho.31 (14) 


p 1 i p-7 p/: 

C1Z — C/ — Co 


1 in c /i / 1 a \ 
1ZU.34 (14) 


PO p-7 P/T 

Co — C / — Co 


111 n*7 ( 1 a \ 
1Z1 .U / (14) 


PO pQ P-7 

cy — Co — c / 


1 in on ( 1 c\ 
IZU.oU (13) 


pp. po TJO A 

cy — C o — H o A 


1 1 n <z 

iiy.o 


p-7 pQ TTQ A 

C / — Co — Ho A 


1 1 q /: 

1 iy.o 


r\i pn p q 

uj — cy — Co 


111 Hf\ ( 1 C\ 

1ZZ. /U (1 J) 


( \1 pp. p 1 p. 

uj — cy — c i u 


1 1 /i*7 /1 A \ 

1 lo.o / (14) 


PQ pQ pin 

Co — cy — c i v) 


1 in £i (\ A\ 
IZU.oZ (14) 


PQ p 1 p. pi 1 

cy — c i u — c 1 1 


1 1 q 1 n / 1 a\ 

1 iy. iu (14) 


pp. P 1 A Pin 

cy — c i u — c i y 


1 in i n ( 1 1 \ 
lZU.3y (13) 


p i i p i pi pin 

ci i — cio — ciy 


iin /io ( ~\ a\ 
lzU.4o (14) 


pi i p i i pin 
CI 2 — CI 1 — C1U 


liy.2o (14) 


PI i p 1 1 pi o 

C1Z — CI 1 — CI 3 


110 f \ 1\ 

llo.oj (13) 


pip, p i i nn 
C1U — CI 1 — CI 3 


111 nn ( 1 1 \ 

izi .yy (13) 


p| 1 p|1 P"7 

CI 1 — C12 — C7 


111 OC\ f ~\ A\ 

121.89 (14) 


Cll— C12— H12A 


119.1 


C7— CI 2— H12A 


119.1 


C14— C13— C18 


118.30(16) 


C14— C13— Cll 


120.80 (15) 


C18— C13— Cll 


120.83 (17) 



PI 1 p 1 /I TT1/1A 

C13 — C14 — H14A 


119.1 


pi r p 1 I T_ji/iA 
CI j — C14 — H14A 


nn 1 
119.1 


pi/- pn P1 /| 

Clo — CI j — C14 


1101 <">\ 

lla.l (2) 


ri/; p 1 c TT 1 c a 
C 1 0 — C 1 J — H 1 J A 


1 on o 


p 1 /1 p 1 c TT1CA 

C 1 4 — C 1 J — H 1 j A 


120.9 


p 1 -7 pi/- pi r 
C 1 / — C 1 0 — C 1 j 


122.09 (16) 


pn pi/; pi 

C 1 / — C 1 0 — r Z 


110-7 /'>\ 
lis./ (2) 


P1 r p 1 /: xri 

CI J — Clo — rZ 


116.0 (2) 


pi/- pn p 1 0 
Clo — CI / — Clo 


119.03 (19) 


/ • 1 /c pn un a 
Clo — CI / — HI /A 


120.5 


p 1 0 P 1 -7 TT 1 "7 A 

Clo — CI / — HI /A 


120.5 


pn p 1 0 pn 
C 1 3 — C 1 0 — C 1 / 


120.1 (2) 


pn pi 0 TT10A 
C 1 3 — C 1 0 — H 1 oA 


1 1 n n 
1 19.9 


PI! P| O TT 1 Q A 

C 1 / — C 1 0 — H 1 OA 


1 1 n n 
119.9 


\ti pin p, 1 

jn 1 — ciy — ui 


1 1 1 n^ (\ i\ 
1 1 i.UD (li) 


m 1 pin pm 

jn 1 — ciy — C1U 


120. /9 (15) 


p, 1 pm pm 

ui — ciy — ciu 


1 in 11 / 1 1\ 
120.12 (li) 


xti pm p, 1 
JN Z — CZU — 0 1 


inc i/; 
105.30 (13) 


\n nn c 1 
JNZ — CZU — bl 


130.64 (12) 


1 pm c 1 
Ol — CZU — bl 


111 -7n { 1 1\ 
123. /9 (12) 


TvTO pi 1 "\T1 

JN3 — CZ1 — JNZ 


115.25 (13) 


Ml ( '") 1 Til 1 A 

JN 3 — CZ 1 — HZ 1 A 


1 nQ ^ 
1U6.J 


Ml PI 1 TTl 1 A 

JNZ — CZ1 — HZ1A 


1 no £ 
106.5 


Ml P ") 1 TTl 1 ID 

JN3 — CZ1 — HZ 113 


1 no c 
106.5 


Ml P ") 1 TTl 1 ID 

JNZ — CZ1 — HZ 113 


1 no ^ 
106.5 


T_J1 1 A PI 1 TJl 1 T3 

HZ 1 A — CZ 1 — HZ 113 


1 n-7 c 
10/. 5 


mi pn po -5 
JN 3 — C22 — C23 


1 nn no / 1 o"\ 
109.02 (18) 


mi pn TJll A 

JN 3 — CZZ — HZZ A 


1 nn n 
109.9 


pi -7 Pll TJll A 

CZ3 — CZZ — HZZA 


1 nn n 
109.9 


Ml Pn TT11TJ 

JN 3 — CZZ — HZZB 


1 nn n 
109.9 


pi D Pll TJllO 

CZ3 — CZZ — HZZB 


1 nn n 
109.9 


1 m a pn 1 mn 
HZZA — CZZ — HZZB 


1 no 1 
106.3 


p-d pn p-n 
OZ — CZ3 — CZZ 


111 cc /:\ 
111.55 (lo) 


P,i pi -j un a 
UZ — CZ3 — HZ3A 


1 no 1 
1U9.3 


pn pn TJll A 

CZZ — CZ3 — HZ3A 


1 nn i 
109.3 


pi pn t 11 7 d 
<JZ — CZ3 — HZ3B 


1 nn i 
109.3 


pn pn unD 
CZZ — CZ3 — HZ3B 


1 nn i 
109.3 


un a pn 1 hid 
HZ 3 A — CZ3 — HZ 313 


1 no n 
106.0 


{ \-\ Pl/I PIC 

UZ — C24 — C2j 


HO. 3 (2) 


Pl/1 I 17 1 A 

UZ — CZ4 — HZ4A 


1 nn /; 
109.0 


PTC po /I TJ1/1 A 

CZj — CZ4 — HZ4A 


1 nn £. 
109.0 


pi po /i 1 1 1 1 1) 
UZ — CZ4 — HZ4B 


1 nn /; 
109.0 


P7C po /I III 1 I) 

CZj — CZ4 — HZ4B 


1 nn /; 
109.0 


H24A— C24 — H24B 


108.1 


N3— C25— C24 


108.40 (16) 


N3— C25— H25A 


110.0 


C24— C25— H25A 


110.0 


N3— C25— H25B 


110.0 


C24— C25— H25B 


110.0 
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C13 — C14 — C15 


121.73 (19) 


pin mi m-t nn 
Ciy — JN 1 — JN2 — C2U 


Z.31 (1 /) 


pin mi m-> ni 
Ciy — JN 1 — JN2 — C21 


1 "7*7 A *7 ( 1 A \ 

VI 1 Al (14) 


p/: n n pi 
Co — C 1 — C2 — C3 


0.5 (3) 


PI PI PQ P/1 

CI — C2 — C3 — C4 


-0.2 (3) 


pi PI PI T71 

CI — C2 — C3 — r 1 


1 /o.y / (iy) 


P-> PI P/1 PC 

C2 — C3 — C4 — CD 


-0.2 (3) 


TT1 PI P/1 PC 

r 1 — C3 — C4 — CD 


— 1 /y.3o [ly) 


pi p/i pc p/: 
C3 — C4 — CD — Co 


0.2 (3) 


p-> pi p/; pc 
C2 — CI — Co — CD 


-0.5 (3) 


pi pi p/; p~7 
C2 — CI — Co — C / 


1 *70 CO ( 1 0\ 

-1 /o.jy (lo) 


p/i pc p/; pi 
C4 — CD — Co — C 1 


0.1 (3) 


p/i pc p/; p~7 
C4 — CD — Co — C / 


1 *70 in ("i o\ 

i /o.iy (is) 


pi p/r p-7 PIO 

C 1 — to — C / — C 1 2 


-24.7 (3) 


PC P£ P"7 f^lO 

CD — Co — C / — C 1 2 


1 C7 11 /'I 0\ 

1 J /.Z3 (lo) 


pi p/r p-7 po 
CI tt) C / Co 


1 C> Al ^1 0\ 

1jZ.U3 (lo) 


pc p/: p-7 po 
CD — Co — C / — Co 


-Zo.U (3) 


pi -> p-7 po pn 

c 1 2 — c / — cs — cy 


U.U (3) 


p/: p-7 po pn 
Co — C / — Co — CV 


1 *7£ OA ( 1 *7\ 

-1 /o.oU (1 /) 


P"7 po pn A1 

C / — Co — Cy — U3 


1 *7A £ 1 / 1 0\ 
1 /y.Ol (IS) 


p-7 po pn pin 

c / — Co — cy — c i o 


A A (1 \ 

0.9 (3) 


pi pn pin pii 

vi — cy — c i o — c 1 1 


1 *7A C A / 1 *7\ 

—i /y.ju (1 /) 


po pn pm pii 

Co — cy — c i o — c 1 1 


-0.8 (3) 


pi pn pm pm 

vi — cy — c i u — c i y 


2.4 (3) 


po pn pin pm 

Co — cy — c i u — c i y 


-1 /6.65 (1 /) 


pn pin P11 Pl-> 
Cy — CIO — Cll — C12 


-0.4 (3) 


P1Q pin P11 rn 
Ciy — C1U — CI 1 — C12 


VI 1 .15 (lo) 


pn pin P11 pii 
cy — CIO — Cll — CI 3 


1 *7C O C ( 1 *7\ 
1 /J.OJ (1 /) 


pio pin P11 pii 

ciy — ciu — cii — ci i 


— O.U (3 ) 


pin pii pn p-7 
CIU — Cll — C12 — C/ 


1.4(3) 


pii P11 pn p-7 
CI 3 — Cll — C12 — C / 


1 "7/1 A£ / 1 T\ 

—i /4.yo (1 /) 


PO P-7 P 1 -> P11 

Co — C7 — C 1 2 — C 1 1 


-1.2 (3) 


C6— C7— CI 2— Cll 


175.63 (16) 


C12— Cll— C13— C14 


116.54(19) 


CIO— Cll— C13— C14 


-59.7 (2) 


C12— Cll— C13— C18 


-60.4 (2) 


CIO— Cll— C13— C18 


123.36 (18) 



H25A — C25 — H25B 


108.4 


PIO P 1 1 pii P1C 

C 1 8 — C 1 3 — C 14 — C 1 D 


A A /"3\ 

0.4 (3) 


PII PII PI/1 P1C 

Cll — CI 3 — C14 — C1D 


-1 /o.oU (lo) 


P 1 1 pii P1C pu 

C13 — C14 — C1D — C16 


-0.6 (3) 


pi/1 pic pu pn 
C 14 — C 1 D — C 1 6 — C 1 / 


0.1 (3) 


P1/1 P1C PU TT-> 

C14 — C1D — C16 — r2 


1 *7A OA ( 1 A\ 

—i /y.oy (iy) 


pic pu pn pio 
C 1 D — C 1 6 — C 1 / — C 1 8 


0.7 (3) 


tt-> pu p i n pio 
r 2 — Clo — CI / — C18 


1 *7A 1/1 / 1 A\ 

—i /y.34 (iy) 


pn p 1 1 pio pn 
C14 — C13 — C18 — CI / 


A A {1\ 

0.4 (3) 


P11 pn pio pn 
Cll — C13 — C18 — CI / 


1 "7*7 1 A / 1 *7\ 

i / /.jy (1 /) 


pu pn pio pii 
C 1 6 — C 1 / — C 1 8 — C 1 3 


A A 

-o.y (3) 


\n mi pm ni 
JN2 — JN 1 — C19 — Ul 


— 1.3o (1 /) 


\n \ii pm pm 
JN2 — JN 1 — C19 — CIO 


1 T/i 1 A ( ] A\ 
V /O.iy (14) 


t~"}(\ P. 1 P 1 Q Ml 

C2U — U 1 — c i y — JN 1 


A AO (\ H\ 

U.Uo (1 /) 


p->n p.1 P1Q r*'\(\ 

C2u — u i — c i y — c i u 


1 T7 AO (\ 1\ 
— V 1 /.DO (13) 


PQ pin P1Q Ml 

cy — c i u — c i y — jn i 


1 7C. "7/: A\ 

vzd./d (iy) 


P11 pin pm mi 
Cll — CIO — ciy — JN 1 


-DZ.3 (Z) 


pn pin pm ni 

cy — c i o — c i y — u i 


— JO.O (z) 


pii pin pm ni 
Cll — CIO — ciy — Ul 


1 TC A*7 /"I /i\ 

1ZD.U / (lo) 


mi m-> p->n ni 
JN 1 — JN 2 — C2U — U 1 


T TO /i\ 

— Z.Zo (lo) 


P->1 \n p->n ni 
C2 1 — JN 2 — C2U — U 1 


1 "7*7 A*7 / 1 A\ 
-V I I Ml (14) 


mi m-> p->n CI 
JN 1 — JN 2 — C2U — S 1 


1 HC OA / 1 T\ 
1 /O.Oy (1Z) 


p-)i mo p->n ci 
C2 1 — JN 2 — C2U — o 1 


2.1 (2) 


pin ni p->n m-i 
C 1 y — U 1 — C2U — JN 2 


1 11/1 c\ 

1.33 (ID) 


pm ni p->n ci 

c i y — u i — C2u — a i 


1 -7-7 n-> { 1 ->\ 
-1 / / .y2 (12) 


P->-> Ml P-> 1 M-> 

C22 — JN3 — C21 — JN2 


C/i n /->\ 
D4.y (2) 


P->C Ml P-11 M-> 

C2D — JN3 — C21 — JN2 


— /6.0 (2) 


p->n m-> p-> 1 MT 
C2U — JN 2 — C2 1 — JN i 


1 1 / nn f 1 o\ 

— 116. yu (io) 


Ml M-> P-> 1 MT 

JN 1 — JN2 — C21 — JN3 


/:o -7 /->\ 
60. / (2) 


C2 1 — JN j — C22 — C2 j 


1 £Q C7 / 1 C\ 

loo.D / (1DJ 


p->c Ml p->-> p->i 
C2D — JN i — C22 — C2 i 


C7 £C ( 1 Q\ 

— D /.oD (lyj 


p->/i p-> p->i p->-> 
C24 — U2 — C23 — C22 


-57.5 (2) 


N3— C22— C23— 02 


56.2 (2) 


C23— 02— C24— C25 


59.3 (2) 


C21— N3— C25— C24 


-166.88 (18) 


C22— N3— C25— C24 


59.7 (2) 


02— C24— C25— N3 


-59.7 (2) 



Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the C7-C12 ring. 



D—H-A D — H 

03— H103-02 i 0.79 (2) 

C5— HSA-Sl" 0.93 

C12— H12A-F1'" 0.93 

C23— H23A-Fl iv 0.97 

CI— H1A-Cgl v 0.93 



Symmetry codes: (i)x,j>-l,z; (ii) x+1/2, jM/2, z; (iii) -x+3/2, 



R-A D-A D—H-A 

1.95 (2) 2.728 (2) 167 (2) 

2.80 3.639 (2) 151 

2.47 3.292 (2) 148 

2.51 3.462 (3) 167 

2.91 3.414(2) 115 



., -z+1/2; (iv) -x+1, >>+!, -z+1/2; (v) -x+l,y, -z+1/2. 
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